The recent paper by Zablocky and Engheta [J. Opt. Soc. Am. A 10, 740 (1993)] on the propagation of a unitstep-function-modulated electromagnetic signal in a linear, causal, dispersive chiral medium with singleresonance dispersion in the limit of zero material damping is found to be only partially valid in that singular limiting case. Of particular interest is their use of an overly restrictive definition of signal arrival in such a lossless dispersive medium. The correct, modern asymptotic description of signal arrival in dispersive pulse propagation is readily available in the literature [J. Opt. Soc. Am. B 5, 817 (1988)] and is carefully reviewed here for a lossy dispersive dielectric as described by the single-resonance Lorentz model. This general definition provides an unrestricted description of signal arrival in the limit of zero damping that yields results equivalent to those of Zablocky and Engheta in regions of normal dispersion.
INTRODUCTION
In a recent paper by Zablocky and Engheta 1 the following is stated: "In analysis of transient signal propagation in any dispersive medium the arrival of the main signal at any given location is among the most interesting features of the pulse propagation. Considerable research has been done on the definition of signal arrival and signal velocity. Here, for our particular problem, we use one of the common definitions of signal buildup, i.e., the time when the path of steepest descent moves across the pole of the signal v 0 . Other definitions may also be used" (p. 751).
The final statement that "other definitions may also be used" is vague and misleading. Their statement may, for example, mean that other definitions of signal arrival will lead to identical results; this is clearly false. It may, on the other hand, mean that other physically relevant definitions may also be used with different results, which would then imply that no single physically meaningful definition of the signal velocity exists; this is also incorrect. What is, in fact, true is that the authors have used a historical definition of signal arrival that is appropriate in special frequency domains of a Lorentz-model medium only in the limiting case of zero material damping. In this limiting case their choice of definition fails to describe correctly signal arrival when the carrier frequency lies in the region of anomalous dispersion. As a consequence, even in this special limiting case, it is unnecessarily restrictive to define signal arrival to occur when the path of steepest descent moves across the pole at the signal frequency, as has been done by Zablocky and Engheta. 1 The definition that they use is, in the general case, asymptotically irrelevant, physically nonmeaningful, and consequently incorrect. 2, 3 By asymptotically irrelevant, it is meant that the pole contribution is, in general, asymptotically negligible in comparison with the dominant saddle-point contribution when the pole is crossed by the path of steepest descent. Because of this, that point in the field evolution is unnoticeable and hence physically meaningless except in very special, limited cases. As a consequence, it is incorrect to define signal arrival to occur when the path of steepest descent moves across the pole at the carrier frequency of the signal, as has been done by Zablocky and Engheta. 1 The remainder of this Comment provides a brief outline of the correct, modern asymptotic description of signal arrival in dispersive pulse propagation. A complete detailed treatment may be found in Refs. 2 and 3.
ASYMPTOTIC DESCRIPTION OF SIGNAL ARRIVAL IN DISPERSIVE PULSE PROPAGATION
In his now-classic analysis of the problem, Brillouin 4,5 defined signal arrival as the space-time point when the path of steepest descent moves across the pole at the input carrier frequency of the signal. This definition was based on Brillouin's interpretation of the asymptotic method of steepest descent, the only valid approximation technique available at the time for the type of problem at hand. Baerwald 6 showed that this interpretation was incorrect and that it led to an erroneous peak in signal velocity to the vacuum speed of light near the medium resonance frequency. A correct description of signal velocity in a dispersive Lorentz medium has been provided by Oughstun and Sherman. 2 This description was based on the modern asymptotic expansion theorem due to Olver, 7 which proved that the path of steepest descent is inconsequential in the asymptotic behavior of the type of contour integral that appears in the integral representation of the propagated field, given by A͑z, t͒ 1 2p
for z $ 0, with complex phase function f͑v, u͒ iv͓n͑v͒ 2 u͔ .
Heref ͑v͒ is the temporal spectrum of the initial pulse 0740-3232/95/030626-03$06.00A͑0, t͒ f ͑t͒, and C denotes the straight-line contour v v 0 1 ia, with a being a fixed positive constant that is greater than the abscissa of absolute convergence for the function f ͑t͒ and v 0 ᑬ͕v͖ ranges from 2`to 1`. Here ᑬ͕ ͖ denotes the real part of the quantity in brackets. The temporal spectrumÃ͑z, v͒ of A͑z, t͒ satisfies the dispersive Helmholtz equation
where the complex wave numberk͑v͒ is given bỹ
where n͑v͒ is the complex index of refraction of the dispersive medium. Finally,
is a dimensionless parameter that characterizes any given space -time point ͑z, t͒ in the field. For the special case of a pulse-modulated sine wave of signal frequency v c ,
where u͑t͒ is the real-valued initial envelope function of the input pulse. Integral representation (1) of the propagated field is then found to be given by
for z $ 0, whereũ͑v͒ denotes the temporal spectrum of u͑t͒. For a unit-step-function-modulated signal the initial pulse envelope is taken as the Heaviside unit-step function,
in which case integral representation (7) becomes
and the integrand has a simple pole at v v c . For rather general input pulse functions f ͑t͒ or initial pulse envelope functions u͑t͒, the uniform asymptotic approximation of the integral representation of the propagated field, as given in Eqs. (1), (7), or (9), may be expressed either in the form 2, 3 A͑z, t͒ ϳ A S ͑z, t͒ 1 A B ͑z, t͒ 1 A C ͑z, t͒ (10) or in a somewhat more complicated form 8 that is given by the linear superposition of fields that are themselves expressed in the form of Eq. (10) . An important feature of this asymptotic representation is that the asymptotic behavior of the propagated plane-wave field is expressed as the sum of three terms that are essentially uncoupled so that they can be treated independently of each other. These three terms arise from the asymptotic contribution about the saddle points of f͑v, u͒ for a single-resonance Lorentz medium with causal complex index of refraction
and from the pole contributions of the spectral functioñ f ͑v͒ orũ͑v 2 v c ͒ when the original contour of integration C is deformed to the contour P ͑u͒ that is composed of Olver-type paths 7 with respect to each of the relevant saddle points 2 of f͑v, u͒. In Eq. (11), b 2 is the square of the plasma frequency of the homogeneous, isotropic, locally linear dielectric medium and d is the phenomenological damping constant of the harmonically bound electrons with resonance frequency v 0 . The asymptotic contribution that is due to the distant saddle points 2,5 of f͑v, u͒ yields the Sommerfeld precursor field A S ͑z, t͒, and the asymptotic contribution that is due to the near saddle points 2,5 of f͑v, u͒ yields the Brillouin precursor field A B ͑z, t͒.
In general, if the envelope function u͑t͒ of the initial field A͑0, t͒ u͑t͒sin͑v c t͒ at the plane z 0 is bounded for all time t, thenũ͑v 2 v c ͒ can have poles only if u͑t͒ does not tend to zero too fast as t !`. Hence the implication of a nonzero pole contribution to the asymptotic behavior of A͑z, t͒ is that the field A͑z, t͒ oscillates with angular frequency v c for positive times at the plane z 0 and will tend to do the same at large values of z for large enough t. As a consequence, this contribution to the asymptotic behavior of A͑z, t͒ describes the dynamic behavior of the signal oscillating with angular frequency v c . This contribution is negligible during most of the evolution of the precursor fields. 2, 3 Although the path of steepest descent is of central importance in the uniform asymptotic description 3 of the propagated field as given by either Eq. (7) or Eq. (9), it is clearly shown in Ref. 3 that the space-time point at which the path of steepest descent moves across the pole at the signal frequency is inconsequential for the asymptotic behavior of the field. Signal arrival is correctly defined by the space-time point at which the pole contribution at the input signal frequency becomes the dominant contribution to the asymptotic behavior of the propagated field. This pole contribution in Eq. (9) is the dominant contribution to the behavior of the field for u . u c . u s , where u s is the u value when the path of steepest descent crosses v c and u c is the value of u that satisfies the relation
where v sp denotes the dominant saddle point of the value of u. Here, X͑v, u͒ ϵ ᑬ͕f͑v, u͖͒, and X͑v, u͒ is independent of u when v is along the real axis, as v c is. This definition not only is asymptotically correct but also leads to a measurable, physically meaningful description of signal arrival and signal velocity 9 in a dispersive Lorentz medium. Moreover, this definition of signal velocity for the unit-step-function-modulated signal is found 2 to be compatible with the velocity of the energy transport of a monochromatic field as given by Loudon 10 in a singleresonance Lorentz medium. The same energy velocity may then be used to provide a complete, accurate physical description of dispersive pulse propagation 11 that replaces the group velocity description in absorptive media.
CONCLUDING REMARKS
The analysis of Zablocky and Engheta 1 is only partially valid in its asymptotic description of signal arrival in dispersive pulse propagation. The correct general description may be found in Refs. 2 and 3. This body of research clearly shows that Zablocky and Engheta's analysis of the signal arrival is erroneous in general and applies only in specific frequency regions in the singular limiting case of zero material damping to which the analysis of their paper is restricted. References 2 and 3 also clearly show the severe limitations that are inherent in the approximate saddle-point locations used by Zablocky and Engheta. 1 The accuracy of the asymptotic description of the precursor fields relies on the accuracy of the saddle-point locations for the case of a unit-step-function-modulated signal 2, 3, 12 and the rectangular envelope pulse, 8 and this reliance becomes critical for exponential-type envelopes such as that of a Gaussian envelope pulse. 13 The firstorder saddle-point approximations used by Zablocky and Engheta 1 are clearly inadequate to provide a reasonably accurate description of the dynamical evolution of the precursor fields, even in the limiting case of zero material damping. A correct, accurate asymptotic description of the dynamical precursor field evolution in the limiting case of zero material damping may be obtained as a limiting case of the asymptotic description given in Refs. 2 and 3 and is presented in Ref. 14. It is clear that the important problem of transient field evolution and signal propagation in chiral media with single-resonance dispersion has yet to be correctly solved. The paper by Zablocky and Engheta 1 provides only a rough, rudimentary attempt at this solution. A correct, modern asymptotic description of the solution of this problem when the medium is lossy (which then naturally contains the lossless case as a special limit) remains to be presented.
